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Intertwined Coil Inspired Modeling of b-Barrel Membrane Protein Struc-
tures using Predicted Interstrand Interaction Constraints
Hammad Naveed, Yun Xu, Ronald Jackups Jr., Jie Liang.
Among the two classes of membrane proteins, beta-barrel membrane proteins
are found in the outer membrane of Gram-negative bacteria, mitochondria, and
chloroplasts. They carry out diverse biological functions, including pore for-
mation, membrane anchoring, enzyme activity, and are often responsible for
bacterial virulence. Although membrane proteins comprise approximately
one third of all proteins encoded in a genome, they are sparsely represented
in the protein structure databank, due to difficulties in experimental structural
determination. We have developed a computational method to predict three di-
mensional structures of beta-barrel membrane proteins from transmembrane
sequence segments. Our method takes advantage of an asymmetric potential
function derived from detailed combinatorial analysis of known membrane
protein structures. In addition, we have developed a model to account for in-
terstrand loop entropy. In a set of 25 non-homologous proteins with known
structures, we can successfully predict strand register at 76% accuracy. This
is a significant improvement from previous results (44%) and from random
chance (7%) [1]. Based on predicted strand registrations, we are now able
to predict the three dimensional structure of the transmembrane region of
beta-barrel membrane proteins from sequences alone. The average RMSD of
transmembrane region between predicted and native beta-barrel membrane
protein structure is less than 4A for Ca and main chain models and less
than 6A for an all atom model for this set of 25 nonhomologous proteins
in a blind test. Our method is general and can be applied to genome-wide
structural prediction.
[1] Ronald Jackups, Jr. and Jie Liang. Interstrand pairing patterns in beta-barrel
membrane proteins: the positive-outside rule, aromatic rescue, and strand reg-
istration prediction J Mol Biol. 2005, 354:979-993.
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Mechanism of the pH-Triggered Formation of Membrane-Competent
State of the Diphtheria Toxin Translocation Domain Revealed by Simula-
tions and Experiment
Jose C. Flores-Canales, Igor Kurnikov, Nikolay Simakov,
Alexander Kyrychenko, Mykola V. Rodnin, Alexey S. Ladokhin,
Maria Kurnikova.
Acidification of the endosome triggers refolding of the diphtheria toxin trans-
location T domain resulting in its insertion into lipid bilayer and transloca-
tion of its N-terminus with the attached catalytic domain of the toxin
across the endosomal membrane. Previously we have demonstrated that
the initial stage of this conformational transition, namely the formation of
membrane-competent form of the T domain, is triggered by histidine proton-
ation in solution. Here we use a combination of molecular dynamics (MD)
simulations, thermodynamic integration, continuum electrostatic methodol-
ogy and several techniques of fluorescence spectroscopy, as well as circular
dichroism, to establish the nature of molecular rearrangements, and the se-
quence of histidine protonation during acidification. Theoretical calculations
indicate that protonation of His 257 causes highest destabilization of the na-
tive structure (>3.8 kcal/mole), especially when preceded by the protonation
of His 223, suggesting that this pair of histidines acts as a pH-dependent con-
formational switch. An extensive 4 microsecond equilibrium MD simulations
of the protein demonstrate that protonation of histidines, while not accompa-
nied by the loss of structural compactness of the T domain, nevertheless
results in substantial molecular rearrangements characterized by the loss of
secondary structure due to unfolding of helices TH1 and TH2 and the loss
of a close contact between the C- and N-terminal segments. The MD results
correlate very well with pH-dependent measurements of circular dichroism,
tryptophan fluorescence, intramolecular energy transfer and lifetime quench-
ing of bimane fluorescence. The structural changes accompanying the forma-
tion of the membrane-competent state ensure an easier exposure of the
internal hydrophobic hairpin formed by helices TH8 and TH9, which subse-
quently adopts a transmembrane conformation in bilayer-inserted state of the
T-domain.
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Lipids and Topological ‘‘rules’’ of Membrane Protein Assembly: Testing
the Generality of Net Charge Balance Rule
Heidi Vitrac, Mikhail Bogdanov, Philip Heacock, William Dowhan.
Transmembrane domain (TMD) orientation within some membrane proteins is
dependent on membrane lipid composition. When the lactose permease (LacY)
is assembled in Escherichia coli membranes lacking the major phospholipidphosphatidylethanolamine (PE), the N-terminal TMD bundle is inverted with
respect to the C-terminal TMD bundle and the plane of the membrane. This in-
version is dependent on the interfacial net positive charge of the protein, the net
negative charge of the membrane and a TMD of low hydrophobicity, acting as
a molecular hinge between the two halves of the protein by exiting the mem-
brane to the periplasm. Homologous E. coli sucrose permease (CscB) and
non-homologous phenylalanine permease (PheP) were investigated to general-
ize these original observations.
CscB function, like that of LacY, is dependent on the presence of PE but topo-
logical dependence on membrane lipid composition is less sensitive and only
becomes evident after significant changes in the net positive charge of the cy-
toplasmic surface of the N-terminal bundle. The first cytoplasmic domains of
PheP, which are misoriented in PE-lacking cells, have a net negative charge.
Decreasing the negative charge density of the extramembrane domains flanking
the N-terminal TMD hairpin of PheP favors a reorientation of the N-terminus
and adjacent hairpin to their native orientation in the absence of PE as predicted
by the above net charge balance rule.
Polytopic membrane proteins containing competing opposite charges within
their cytoplasmic domains may share a common mechanism for topogen-
esis dependent on PE. However the degree of sensitivity to phospholipid
composition appears to be sequence-specific and might be a result of
conformational flexibility, topological preference of individual domains
or the availability of mechanical hinge region. Supported by NIH grant
R37-GM20478.
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Identification of Multi-Residue Motifs in Short Sequence Fragments of
Membrane Protein
Meishan Lin.
University of Illinois at Chicago, Chicago, IL, USA.
Membrane proteins are abundant in most species and have diverse biological
functions that include signal transduction, proton pumping, cell trafficking
and photosynthesis. Understanding their structural organization and the prin-
ciples governing their folding and assembly is an important task. Probabilistic
models have been developed to identify sequence motifs consist of residue
pairs in transmembrane (TM) regions of membrane proteins. Motifs such
as GG4 in alpha-helical membrane proteins and AY2 in beta-barrel mem-
brane proteins are well recognized. However, it is not clear whether motifs
exist in loop regions of membrane proteins and whether multi-residue (>2)
motifs play roles in membrane protein structural assembly. Using a combina-
torial and statistical model, we have analyzed both TM regions and loop
regions of a set of 41 non-homologous alpha-helical proteins and 25 non-
homologous beta-barrel proteins with known structures. We have discovered
several significant motifs, (V/I/L)x(V/I/L)x(A/G) along with five others
occurs in approximately 70% of the beta-strands. These six motifs can be re-
garded as the building blocks of beta-barrel membrane proteins. We have also
identified several additional motifs including YxRxG that likely help in mem-
brane fusion and binding to transport factors such as the skp chaperone.
Based on these results, several experimentally testable hypotheses have
emerged that can help to understand the folding pathway of membrane
proteins.
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Measuring Side-Chain Hydrophobicity using a Whole Transmembrane
Protein in Lipid Bilayers
Preston Moon, Karen Fleming.
Membrane protein behavior should be predictable from first principles of phys-
ical chemistry. One such first principle is the hydrophobic effect, which may be
the foremost reason membrane proteins are stable in lipid bilayers. Several
methods exist for estimating the hydrophobicity of proteins in membranes by
modeling the energies felt by individual amino acid side-chains in hydrophobic
environments. However, none of these existing methods have measured side-
chain energetics directly from a whole multi-pass membrane protein in a lipid
bilayer. Consequently, the different hydrophobicity scales that have been pro-
posed to be relevant for membrane proteins disagree on the magnitude of the
first principles, especially the principles controlling the interaction of ionizable
side-chains (such as Arginine) with membranes.
Here, we establish a new whole protein hydrophobicity scale, which we mea-
sured using rigorous equilibrium thermodynamic methods with a multi-pass
transmembrane protein that was folded and inserted in a phospholipid bilayer.
Our protein was the Outer Membrane Phospholipase A (OMPLA) from E. coli .
This beta-barrel protein yields results that are relevant for all membrane
